e present a prospective study of patients with tuberculosis of the dorsal, dorsolumbar and lumbar spine after combined anterior (radical debridement and anterior fusion) and posterior (instrumentation and fusion) surgery. The object was to study the progress of interbody union, the extent of correction of the kyphosis and its maintenance with early mobilisation, and the incidence of graft and implant-related problems. The American Spinal Injury Association (ASIA) score was used to assess the neurological status.
e present a prospective study of patients with tuberculosis of the dorsal, dorsolumbar and lumbar spine after combined anterior (radical debridement and anterior fusion) and posterior (instrumentation and fusion) surgery. The object was to study the progress of interbody union, the extent of correction of the kyphosis and its maintenance with early mobilisation, and the incidence of graft and implant-related problems. The American Spinal Injury Association (ASIA) score was used to assess the neurological status.
The mean preoperative vertebral loss was highest (0.96) in the dorsal spine. The maximum correction of the kyphosis in the dorsolumbar spine was 17.8˚. Loss of correction was maximal in the lumbosacral spine at 13.7˚. All patients had firm anterior fusion at a mean of five months. The incidence of infection was 3.9% and of graft-related problems 6.5%.
We conclude that adjuvant posterior stabilisation allows early mobilisation and rehabilitation. Graftrelated problems were fewer and the progression and maintenance of correction of the kyphosis were better than with anterior surgery alone. There is no additional risk relating to the use of an implant either posteriorly or anteriorly even when large quantities of pus are present. Chemotherapy is the mainstay of the treatment of spinal tuberculosis. Anterior debridement [1] [2] [3] is performed for W localised disease because there is a high incidence of progressive kyphosis (38%) and a low rate of fusion (46% to 85%) after treatment with chemotherapy alone. 4 Radical anterior surgery with interbody fusion 1,2,5 offers an improvement, but there is a high incidence (59%) of graftrelated problems 5 and rehabilitation is slow. More recently, posterior instrumentation and fusion have been advocated in addition to anterior surgery. 6 We have evaluated the outcome in 77 patients treated between 1993 and 1999 by radical, anterior debridement and fusion combined with posterior instrumentation and fusion.
Patients and Methods
Eighty-four consecutive patients who presented between August 1993 and July 1999 with tuberculous spondylitis were considered; seven were excluded and the remaining 77 formed the study group. Their mean age was 35 years (4 to 77) and the mean follow-up was 36.7 months (30 to 66). Details of the patients are given in Table I .
We included cases of tuberculous spondylitis with a positive tissue biopsy or AFB culture, affecting the dorsal, dorsolumbar, lumbar or lumbosacral spine, which had been treated by anterior radical debridement and anterior fusion, combined with posterior instrumentation and fusion. All patients had completed their course of antituberculous chemotherapy and had been followed for a minimum period of two years. We excluded patients with disease in the cervical spine and those treated only by drainage of an abscess or by anterior fusion. The indications for surgery were a neurological deficit (progressive, complete or partial), a cold abscess detected clinically or radiologically, and vertebral destruction with significant angulation.
Neurological assessments were made according to the scoring system of the American Spinal Injury Association (ASIA). 7 Vertebral loss was measured by the technique of Rajasekaran and Shanmugasundaram 8 expressed in relation to the height of adjacent vertebral bodies. Kyphus angles were recorded as Konstam's angle 8 on plain lateral radiographs. Anterior fusion, graft height, graft-related problems (fracture, absorption, subsidence and slippage) and implantrelated problems (loosening and breakage) were recorded and assessed. Radiographs of the chest were always taken to determine if there was primary pulmonary tuberculosis. Bone scans were performed to eliminate multifocal skeletal involvement and MRI was performed in patients with neurological deficits to assess fibrosis of the cord, oedema and tuberculous pathology in the spinal canal.
Aspirate from cold abscesses was sent for AFB culture and sensitivity. Sputum and gastric juice were examined for AFB when indicated. After operation all the patients received the four-drug antituberculous regimen of INAH, rifampicin, ethambutol, and pyrazinamide (HREZ) for four months, followed by the three-drug regimen (HRE) for the next 14 months. Operative technique. Table II gives details of the vertebrae affected and the surgical approach used. As a rule the anterior approach was made first, but recent active lesions, which were easy to correct, were treated by posterior surgery as the first stage. Lesions in the dorsolumbar spine were approached from the left side where the aorta provides an easy landmark. In the dorsal region, between D4 and D11, a thoracotomy was performed by resecting a rib two levels above the level of the lesion. An extrapleural approach was used between D11 and L1 after excision of the 11th rib. The lumbar region was approached retroperitoneally. Lumbosacral lesions were approached transperitoneally through a midline subumbilical incision. An extended, posterior, midline approach was used in patients in the latter part of the study in whom dorsal or dorsolumbar tuberculosis involved a single vertebra. Anterior lesions were reached by costotransversectomy by way of a retropleural or transpleural route. Anterior abscesses were drained. Sequestra, bone fragments, devitalised disc and granulation tissue were meticulously removed.
The debridement was extended as far as the dura to facilitate decompression of the cord. The endplates were curetted to reach bleeding bone. The anterior defect was measured after gentle stretching to correct the kyphosis. Tricortical grafts were harvested from the anterior or posterior iliac crest, 2 mm longer than the measured gap. A mortice was made in the healthy vertebral body at either end of the defect and the appropriate graft introduced to hold the vertebrae apart. For gaps of more than 6 cm, we used either a fibular graft or a Harms cage filled with morselised iliaccrest bone. The mean height of the cage was 34.25 mm. The maximum length of a fibular graft was 75 mm. Ribs and fibulae were used in the earlier cases. Table III gives the levels of fusion and the length of tricortical iliac-crest grafts. Posterior surgery. With the patient prone on a Relton Hall frame, the spine was exposed through a posterior, midline incision. Dissection was carried out subperiosteally as far as the transverse processes on each side. A Hartshill rectangle and segmental sublaminar wires were used to secure the vertebrae three levels above and three levels below the lesion, for all thoracic, thoracolumbar and nine early lumbar lesions. The Steffee or Moss Miami type of instrumentation was used for 17 lumbar and five lumbosacral lesions. Only the levels fused anteriorly were grafted posteriorly using autogenous rib or iliac crest after decortication of the spinous processes, laminae and transverse processes.
Results
Both approaches were completed at one surgical session for 70 patients; seven had two separate procedures. Autologous tricortical iliac crest was the most commonly used graft with a mean length of 40.8 mm. Eleven patients had an anterior fusion across two disc spaces and three across more than two disc spaces. The mean duration of the combined anterior and posterior single session surgery was five hours (4 to 6), and the mean blood loss was 1000 ml (500 to 1400). The length of hospital stay for combined, single-session surgery was 12.6 days (8 to 14). When the operations were performed separately, the patients stayed in hospital for a mean of 20 days (12 to 40). After operation, 27 patients with normal neurology were able to walk at a mean of 3.4 days, 31 with some neurological deficit at a mean of five days and 19 with a severe deficit were mobilised in a wheelchair at a mean of seven days. The tissue culture and sensitivity studies showed no resistance to any of the antituberculous drugs. The vertebral loss was highest in the dorsal spine (0.96) ( Table IV) . The kyphus angle was greatest at the dorsolumbar junction (Table V) . At all levels the kyphus angle was well corrected, but the correction was well maintained only in the dorsolumbar and lumbar regions. The final correction was calculated by subtracting the loss of correction of the kyphosis from the degree of the correction achieved at operation. The mean final correction was 9.06˚ (-14 to +36). There was a negative final correction (i.e. loss of correction was more than correction achieved) in five cases of which two were in the dorsal spine (-4˚, -8˚), two in the lumbar spine (-6˚, -14˚) and one in the lumbosacral spine (-14˚) (Table VI) .
Hartshill rectangles with sublaminar wiring were used in 54 patients (70%) and Steffee type instrumentation in 12 (16%). In the latter part of our series the Moss Miami type of instrumentation was used in 11 patients (14%). With the pedicular screw systems, instrumentation was to one level above and one level below the lesion in 19 patients and two levels above and two levels below in five (Table VII) .
Fluid pus was released from the anterior tuberculous focus in 45 patients (58%). The mean amount was 30 ml (5 to 300). There was no evidence of reformation of the abscess, the development of sinuses, or secondary infection in any patient. In 12 of 45 patients the anterior column was reconstructed using a cage.
One patient had collapse of the right lower lobe of the lung and one pulmonary oedema; both recovered com- pletely. In one patient neurological symptoms deteriorated by one grade postoperatively but recovered fully within six months (Table VIII) . There were two cases of superficial and one of delayed deep midline posterior wound infection. All healed with antibiotics, one superficial wound after wash-out and one deep wound after removal of the implant.
Subsidence of the graft was seen in three patients, collapse in one, and fracture in one. In all five this resulted in an increase in the kyphus angle. There was one case of loosening and two of breakage of the sublaminar wire, none of which caused any problems to the patient or change in radiological parameters (Fig. 1) . There was one case of incisional hernia through the donor site at the iliac-crest defect.
Discussion
In this series adults were affected in 97.4% of cases which differs from the more paediatric profile reported by Rajasekaran and Soundarapandian, 5 the MRC, 9 Oga et al 10 and Moon et al. 11 The highest incidence of disease was seen in the dorsal spine (57.15%), rather than the dorsolumbar spine reported by Hodgson and Stock, 2 Hodgson et al 12 and Tuli. 13 The mean preoperative vertebral loss was 0.81, and is comparable with that of Hodgson et al 12 and the MRC trial 9 (0.76 in the radical group and 0.77 in the debridement group), but was much less than in the conservatively managed group (1.32). The mean preoperative kyphosis in the dorsal spine (26.9˚) was similar to that in the MRC trial, 9 but greater than that observed by Rajasekaran and Soundarapandian. 5 The mean kyphosis in the lumbar spine (15.36˚) was less than that reported in these two studies. Moon et al 6 reported a greater mean preoperative kyphosis angle of 37˚.
The mean surgical correction in the entire study was 13.7˚ (0 to 40), which is less than that obtained by Moon et al 6 (21˚) and Rajasekaran and Soundarapandian 5 (23˚). The mean surgical correction of kyphosis of 17.8˚ in the dorsolumbar spine was not a reliable figure in view of the small number of patients in whom that area of the spine was affected. Rajasekaran and Soundarapandian 5 reported an intraoperative correction of kyphosis in 23 patients (28%), but the deformity increased subsequently in 12 (15%), which suggests that correction of kyphosis is difficult to achieve without posterior instrumentation.
A considerable loss of correction with anterior fusion has been reported by Rajasekaran and Soundarapandian 5 and by Bailey et al, 1 but with anterior fusion combined with posterior instrumentation and fusion, it has been less. 14 The mean loss of correction in the dorsal spine in our series was 4.8˚, which compares with that of Moon et al 6 (3˚) and Zhao et al. 14 In the dorsolumbar spine no patient had a loss of correction of more than 10˚. Three cases in the lumbar region had loss of correction of more than 10˚ (12˚, 12˚ and 25˚). The greatest loss of correction (13.7˚) occurred in the lumbosacral region after a satisfactory correction, but the graft settled in porotic bone and the pattern of loading seemed to be excessive. A patient with a Steffee type of instrumentation in the lumbar region had loosening of the implant which resulted in a mild increase in kyphosis. In the Hartshill group, the sublaminar wires loosened in one patient and broke in two, but no change occurred in the radiological parameters nor was any patient aware of a problem. By contrast, there was no failure of the implant in the studies of Moon et al 6 and Zhao et al.
14
Anterior column reconstruction (ACR) and graftrelated problems (Table VII) . The tricortical iliac-crest graft was the most commonly used in 52 patients (67.5%) (Figs 1 to 3) . In later cases (16; 20.8%) we used titanium cages filled with morselised cancellous bone (Fig. 4) . Graft-related problems were noted in 6.5% of patients which contrasts with 59% reported by Rajasekaran and Soundarapandian. 5 We had no cases of graft slippage in our series. We ascribe this to thorough debridement and proper placement of the graft and posterior instrumentation allowing early mobilisation and rehabilitation. Grafts subside from a soft graft bed and we debride back to healthy bone. Although tricortical iliac-crest graft reduces graft-related problems, it is unusual for suitable iliac-crest grafts of more than 60 mm length to be available. Patients in whom the anterior column was reconstructed with bone-filled titanium cages, had a lower incidence of graft-related problems. This is probably due to the firmness with which the cages were secured against the upper and lower endplates of the vertebral bodies. With normal physiological loading, the endplates are well penetrated by the cage.
Our incidence of infection (3.9%) is comparable with the MRC study 9 on tuberculosis of the spine, comparing debridement with anterior fusion. This also implies that there is no additional risk of persistent infection after adjuvant posterior instrumentation, confirming the conclusion by Oga et al 10 . Furthermore, Mycobacterium tuberculosis seems to have less affinity for stainless steel (SU 316) than do pyogenic organisms. 6, 14 Neurology (Table VIII) . Neurological lesions were observed in 50 patients (65%), of whom 46 (92%) recovered to normal. One deteriorated from ASIA score C to ASIA score B after operation but made a full recovery. Two graded as ASIA score A were unchanged after surgery. Both had signs of an atrophic spinal cord without parenchymal changes in the T1 images, and a patchy band of changes in high signal intensity on the T2 images, suggestive of myelomalacia. 15 One patient with ASIA score C and two with score D remained unchanged at follow-up.
Our results regarding neurological recovery were better than two of the MRC studies 3, 4 and of that by Tuli, 16 and comparable with that of Moon et al. 11 This shows that adjuvant posterior stabilisation and early mobilisation did not have any deleterious effect on neurological recovery.
All neurologically intact patients were allowed to walk immediately after operation and those with a neurological deficit started mobilisation within a week. All were independent at the time of discharge, in contrast to those who had anterior surgery alone. Those who were mobilised early showed less morbidity and a notable improvement in pain relief and self-confidence. Our study shows that adjuvant posterior stabilisation results in early mobilisation and rehabilitation. Radical anterior debridement clears the diseased focus allowing reconstruction and restoration of the anterior column. Healing of the disease and fusion of the graft across the affected vertebrae are hastened while neurological recovery is unaffected. The incidence of graft-related problems and the progression of the kyphosis is significantly less when compared with anterior surgery alone. The postoperative loss of correction is insignificant for combined anterior and posterior surgery. Intra-or postoperative complications relating to prolonged anaesthesia and surgery were not seen and the combined anterior and posterior surgery shortens hospital stay. There was no added risk with the use of the implant either anteriorly or posteriorly, even in the presence of large quantities of
